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(54) Control method for turbocharged diesel engines having exhaust gas recirculation 



(57) A method of controlling the airflow into a com- 
pression ignition engine (10) having an exhaust gas 
recirculation (EGR) (12) system and a variable geome- 
try turbocharger (VGT) (14). The control strategy 
includes the steps of measuring the intake manifold 
pressure and exhaust manifold pressure, and using 
these values, estimating the EGR flow fraction. The 
EGR flow fraction is then used in a proportional plus 
integral feedback control loop to generate position com- 



mands for the EGR valve. Similarly the intake manifold 
pressure signal is used in a proportional plus integral 
feedback control loop to generate position commands 
for the VGT In this way, the EGR valve (34) is used to 
regulate the EGR flow fraction to a desired value and 
the VGT turbine (38) is used to regulate the intake man- 
ifold pressure to a desired value. 
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Description 

[0001] This invention relates to turbocharged compression ignition engines having exhaust gas recirculation sys- 
tems and, more particularly, to methods of controlling the intake manifold pressure and fraction of exhaust gas recircu- 
5 lation in diesel engines equipped with variable geometry turbochargers (VGT) and exhaust gas recirculation (EGR) 
systems. 

[0002] High performance, high speed diesel engines are often equipped with turbochargers to increase power den- 
sity over a wider engine operating range, and EGR systems to reduce the production of NOx emissions. 
[0003] Turbochargers use a portion of the exhaust gas energy to increase the mass of the air charge delivered to 
10 the engine combustion chambers. The larger mass of air can be burned with a larger quantity of fuel, thereby resulting 
in increased power and torque as compared to naturally aspirated engines. 

[0004] A typical turbocharger consists of a compressor and turbine coupled by a common shaft. The exhaust gas 
drives the turbine which drives the compressor which, in turn, compresses ambient air and directs it into the intake man- 
ifold. Variable geometry turbochargers (VGT) allow the intake airflow to be optimized over a range of engine speeds. 
is This is accomplished by changing the angle of the inlet guide vanes on the turbine stator. An optimal position for the 
inlet guide vanes is determined from a combination of desired torque response, fuel economy, and emissions require- 
ments. 

[0005] EGR systems are used to reduce NOx emissions by increasing the dilution fraction in the intake manifold. 
EGR is typically accomplished with an EGR valve that connects the intake manifold and the exhaust manifold. In the 
20 cylinders, the recirculated exhaust gas acts as an inert gas, thus lowering the flame and in-cylinder gas temperature 
and, hence, decreasing the formation of NOx. On the other hand, the recirculated exhaust gas displaces fresh air and 
reduces the air-to-fuel ratio of the in-cylinder mixture. 

[0006] In compression ignition engines equipped with both VGT and EGR systems, optimal steady-state perform- 
ance in terms of fuel economy and emissions is achieved by coordinating the operation of the two actuators. Typical 

25 engine designs utilize a compressor mass airflow (MAF) sensor and a manifold absolute pressure (MAP) sensor for 
proper regulation of airflow into the engine and, consequently, EGR flow in VGT-equipped engines. Regulation of airflow 
is important because it directly relates to the amount of fuel that can be injected to meet driver demand. For a given 
engine speed and requested fuelling, the control algorithm looks up the desired values for MAP and MAF and controls 
the EGR to achieve the desired MAF and the VGT to achieve the desired MAP. 

30 [0007] The sensor set selection, thus, determines the control system cost and performance. For example, MAF 
sensors have limited accuracy and are more expensive than MAP sensors or exhaust manifold pressure (EXMP) sen- 
sors. The difficulty in calibrating the engine control strategy is also directly related to the sensors used to control the 
engine. Consequently, there is a need for an engine control system having a low-cost sensor set, which is easy to cal- 
ibrate, and provides robust engine performance. 

35 [0008] According to the present invention, there is provided an advantages are obtained by a method of controlling 
the airflow into a compression ignition engine having an EGR and a VGT. The method includes the steps of determining 
desired values for the intake manifold pressure (p 1d ) EGR flow fraction (r d ), and generating error signals (e p1 and e r ) 
representing the system deviation between the measured intake manifold pressure (p-,) and p 1d and the estimated 
EGR flow fraction and r & In addition, an open loop EGR valve control value (V egr ) and an open loop turbocharger value 

40 ( v vgt) are determined as a function of the engine speed and fuelling rate. The method further includes the step of gen- 
erating proportional and integral feedback gains for the EGR valve (K p egr , K jegr ) and turbocharger turbine (Kp vgt , K s vgt ), 
and generating the EGR valve control signal {U egr ) as a function of V egr , Kp' egr , K i egr and e r \ and generating'the turbo- 
charger signal (U vg 0 as a function of V vgt , Kp Vgt , K ivgt and e p1 . These control signals, U egr and a vgt , are then used to 
control the EGR valve to regulate r and control the turbocharger turbine to regulate p v 

45 [0009] An embodiment of the present invention provides an improved compression ignition engine control strategy 
having reduced sensor cost and simplified calibration requirements. It provides an engine strategy which regulates 
MAP and the EGR flow fraction using a MAP sensor and EXMP sensor to control the EGR and VGT. 
[001 0] The present control scheme is advantageous because it allows the traditional MAF sensor to be replaced by 
a lower cost EXMP sensor. In addition, by selecting MAP and EGR flow fraction as the regulated outputs, the control 

so scheme provides improved system performance and reduced sensitivity to errors in MAF estimation. In other words, 
sensor cost reduction is achieved without sacrificing performance, as may be expected when using estimated, rather 
than measured, values. 

[0011] The invention will now be described further, by way of example, with reference to the accompanying draw- 
ings, in which: 

55 

Figure 1 is a schematic view of a compression ignition engine system having an EGR system and a VGT in accord- 
ance with one embodiment of the present invention; 

Figure 2 is a logic diagram of an engine control method according to one embodiment of the present invention; and 
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Figure 3 is a block diagram of an engine control strategy according one embodiment of the present invention, 

[001 2] Turning first to Figure 1 , there is shown a simplified schematic diagram of a compression ignition engine sys- 
tem 10 equipped with an exhaust gas recirculation (EGR) system 12 and a variable geometry turbocharger (VGT) 14. 

5 A representative engine block 16 is shown having four combustion chambers 18. Each of the combustion chambers 18 
includes a direct-injection fuel injector 20. The duty cycle of the fuel injectors 20 is determined by the engine control unit 
(ECU) 24 and transmitted along signal line 22. Air enters the combustion chambers 18 through the intake manifold 26, 
and combustion gases are exhausted through the exhaust manifold 28 in the direction of arrow 30. 
[0013] To reduce the level of NOx emissions, the engine is equipped with an EGR system 12. The EGR system 12 

w comprises a conduit 32 connecting the exhaust manifold 28 to the intake manifold 26. This allows a portion of the 
exhaust gases to be circulated from the exhaust manifold 28 to the intake manifold 26 in the direction of arrow 31 . An 
EGR valve 34 regulates the amount of exhaust gas recirculated from the exhaust manifold 28. In the combustion cham- 
bers, the recirculated exhaust gas acts as an inert gas, thus lowering the flame and in-cylinder gas temperature and 
-decreasing the formation of NOx. On the other hand, the recirculated exhaust gas displaces fresh air and reduces the 

is air-to-fuel ratio of the in-cylinder mixture. 

[001 4] The turbocharger 1 4 uses exhaust gas energy to increase the mass of the air charge delivered to the engine 
combustion chambers 18. The exhaust gas flowing in the direction of arrow 30 drives the turbocharger 14. This larger 
mass of air can be burned with a larger quantity of fuel, resulting in more torque and power as compared to naturally 
aspirated, non-turbocharged engines. 

so [0015] The turbocharger 14 consists of a compressor 36 and a turbine 38 coupled by a common shaft 40. The 
exhaust gas 30 drives the turbine 38 which drives the compressor 36 which, in turn, compresses ambient air 42 and 
directs it (arrow 43) into the intake manifold 26. The VGT 14 can be modified as a function of engine speed during 
engine operation by varying the turbine flow area and the angle at which the exhaust gas 30 is directed at the turbine 
blades. This is accomplished by changing the angle of the inlet guide vanes 44 on the turbine 38. The optimal position 

25 for the engine guide vanes 44 is determined from the desired engine operating characteristics at various engine 
speeds. 

[0016] All of the engine systems, including the EGR 12, VGT 14 and fuel injectors 20 are controlled by the ECU. 
For example, signal 46 from the ECU 24 regulates the EGR valve position, and signal 48 regulates the position of the 
VGT guide vanes 44. 

30 [001 7] In the ECU 24, the command signals 46, 48 to the EGR 1 2 and VGT 1 4 actuators are calculated from meas- 
ured or estimated variables and engine operating parameters by means of a control algorithm. Sensors and calibratable 
lookup tables residing in ECU memory provide the ECU 24 with engine operating information. For example, an intake 
manifold pressure (MAP) sensor 50 provides a signal 52 to the ECU indicative of the pressure in the intake manifold 26. 
Likewise, exhaust manifold pressure (EXMP) sensor 54 provides a signal 56 to the ECU 24 indicative of the pressure 

35 in the exhaust manifold 28. Further, an aircharge temperature sensor 58 provides a signal 60 to the ECU 24 indicative 
of the temperature of the intake air charge. 

[0018] Additional sensory inputs are also be received by the ECU along signal line 62 such as engine coolant tem- 
perature, engine speed, and throttle position. Additional operator inputs 68 are received along signal 70 such as the 
accelerator pedal position. 

40 [0019] Based on the sensory inputs and engine mapping data stored in memory, the ECU controls the EGR to reg- 
ulate the EGR flow fraction (r), controls the VGT to regulate the intake manifold pressure (MAP). Because the system 
10 does not include a MAF sensor, however, MAP and EXMP are used to generate the control signals. 
[0020] The engine control methods described herein apply to all turbocharged engines equipped with EGR sys- 
tems, regardless of the type of fuel used. Thus, it is to be understood that references to diesel engines are equally appli- 

45 cable to other engines as well. In addition, throughout the specification, the following notations are used in describing 
measured or calculated variables: 

pressure (kPa) 
Temperature (K) 
so mass (kg) 

Amass flow (kg/s) 
F burnt gas fraction 
a egr EGR valve position 

55 [0021 ] Furthermore, the following subscripts are used to denote regions of the engine system: 

1 intake manifold 26 

2 exhaust manifold 28 
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e engine block 16 
t turbine 38 
c compressor 36 

5 [0022] Finally, the following thermodynamic constants are referenced for air at 300K: 

C p = 1.0144kJ/kg/KR = C p - c v 
c v = 0.7274 kJ/kg/Ky = c p /c v 

10 

[0023] Hence, the symbol Pi , for example, refers to the intake manifold pressure in kPa. Combined subscripts, such 
as "e2 H , refer to flows from the first to the second subsystem. 

[0024] Figure 2 is the logic flow diagram of the ECU control algorithm to generate the EGR and VGT duty cycles 
from the tracked variables of MAP and EGR flow fraction (r). This logic routine resides in the ECU memory and is exe- 
is cuted as part of the foreground logic used to control the operating characteristics of the engine. 

[0025] At step 202, measurements of intake manifold pressure (pi) and exhaust manifold pressure (p 2 ) are 
received by the ECU 24 by way of signal inputs 52 and 56, respectively. These signals can be filtered to remove oscil- 
lations in the signals. 

[0026] Step 204 estimates the EGR mass flow rate (W 2 i) and compressor mass flow rate (W c1 ). The following 

20 describes one method of dynamically estimating W c1 . 

[0027] To estimate W c1 , the EGR valve position (ct^) is determined, and the temperature across the EGR system 
(T 21 ) is determined from a steady-state map based on engine operating conditions. Alternatively, T 21 can be assumed 
to be a constant. The air charge temperature (T c1 ) can also be measured by a temperature sensor such as sensor 58 
of Figure 1 , or estimated based on engine operating conditions. 

25 [0028] The EGR mass flow value is the calculated as a function of p-i , p 2 , ^21 • ancJ a egr according to the following 
equation: 

W 2 i - /i(a eg r)P2ART 21 ) 1/2 MP 1 /p 2 ) (D 

30 [0029] In equation (1), Ma egr ) represents the effective flow area of the EGR valve as a function of the position of 
the EGR valve, R represents the difference between the pressure specific heat constant and volume specific heat con- 
stant, and 4> represents a standard orifice equation having the following form: 



35 



♦W-IPyXriMtr^-r^^ 
foris(2/(Y+1))^ 1 > 

^(r) = r 1/2 (2/(r + 1))^ 1)/(2 ^ 1)) 

40 forr<(2/(y+1))^- 1 ) 

[0030] With knowledge of the EGR mass flow, W 21 , the compressor flow rate W c1 can be calculated from the fol- 
lowing differential equation describing the intake manifold pressure: 

dp,/dt = (Rr/V^W^ + W 21 T 21 - W^T,) (2) 

45 

where the flow out of the intake manifold into the combustion chambers is given by: 

W^-CNV^/fRT^O)^ (3) 

so wherein N represents the engine speed, V d represents the displacement volume of the engine, and n^, repre- 

sents the volumetric efficiency of the engine. The volumetric efficiency is stored in the ECU memory as a function of 
one or more of the following variables: intake manifold pressure, intake manifold temperature, fuel rate, engine speed, 
and engine coolant temperature. 
[0031] Hence, equation (2) can be rewritten as follows: 



55 



dp 1 /£y/ = -Ap 1+ (Ry/V 1 )(W cl T c1+ W 21 T 21 ) (4) 

where 
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JO 



20 



25 



35 



40 



^=(NV dY n vol /(V 1 120)) (5) 

[0032] Thus, from equation (5), the only unknown term is the compressor flow rate W c1 . An observer is, therefore, 
constructed to dynamically estimate the product W c1 T c1 by interpreting the scaled enthalpy flow as the state of a 
dynamic system whose dynamics are assumed to be zero. In steady state, this is true; during transient conditions, how- 
ever, the system dynamics can be approximated by a term proportional to the first derivative of the accelerator pedal 
position, requested fuel signal, or VGT actuator signal. Assume the state of the estimator is the scaled enthalpy flow, 
z = W c1 T c1 , and letting q± and z be estimates of intake manifold pressure and z, respectively, a pressure error term 
and flow error term are defined as follows: 



is [0033] The following differential equations are then observers for manifold pressure and enthalpy flow: 

dp^ldt = -(A+MA)p,+MAp^Ky/V,)(\N 2 ,T 2 ,+z) (6) 

dz/dt= L(p, -p 2 ) (7) 
where L, and M are calibratable constants whose value is >0. The error dynamics for equations (6) and (7) are 

then: 

de p ldt = -V+M)Ae p +(HyN ,)(e z ) (8) 

de z /dt = -Le p (9) 



[0034] From the eigenvalues of this linear system, appropriate values for the design parameters M and L can be 
determined; a requirement being that the eigenvalues of the error system are in the left half of the complex plane. For 
30 example, assuming M = 0.5, L = 0.5, and = 0.003m 3 , and the engine operating conditions yielding = 0.85, the 
eigenvalues are given by -7.3353 and -4.5647. 

[0035] The estimate of the compressor airflow value (W c1 ) is then given by the following equation: 



W cl =zn- c1 (10) 

[0036] In order to implement equation ( 1 0) in the digital ECU, it can be discretized with a sufficiently small sampling 
period 6/. In such a case, the value of W c1 is governed by the following equations: 

Pi(*+1) = P^M+b^ + ^Jp^/cJ+MAp^^+CRy/V!)... (W 21 (K)T 21 (/c)+z(/c))] (11) 

z(/( + 1) = z(/c) + 8r[L(p 1 (/c)-p I W)] (12) 

W c1 (*)=z(*KT c1 W (13) 

45 [0037] The compressor airflow value could also be defined on the basis of the ideal gas law - instead of the first 
law of thermodynamics as in equations (4) and (13). 

[0038] Given estimates of W 21 and W cl , the EGR flow fraction is calculated in Step 206 according to the following 
equation: 

so ^W 21 /(W 21+ W C1 )(14) 

[0039] In step 208, the desired set points for p^ (p 1d ) and r (r d ) are determined as a function of engine speed and 
the requested fuelling rate. The set points, p 1d and r d , are generated from engine mapping data on a dynamometer. 
One method of generating the set points is to develop a uniform grid for engine speed and fuelling rate. For each grid 
ss point, optimal settings for the EGR valve position and VGT actuator position are determined from emissions and fuel 
economy requirements for the selected operating point. The steady-state value of p^ is then measured by the MAP sen- 
sor and recorded. The value of r is not measured directly, but can be calculated from the CC 2 concentrations in the 
intake and exhaust manifold with reference to W c1 . The values of p, and r are then stored in ECU memory in appropri- 
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ate lookup tables indexed by engine speed and fuelling rate. During transient engine operation, fuel limiting may cause 
the fuel that is injected into the combustion chambers to be different from the fuelling rate requested by the driver. In 
such a case, the set points are preferably calculated on the requested, rather than the limited, fuel. 
[0040] In step 210, error terms are generated representing the difference between the measured or estimated val- 
5 ues and the desired set points: 



e r = r - r H 



10 



'id 



(15) 
(16) 



[0041 ] Step 212 determines the feed-forward values for the EGR and VGT duty cycles (V egr and V vgt ) as a function 
of the engine speed and actual fuelling rate, W ( . These values are generated from open loop lookup tables stored in 
ECU memory. 

[0042] In step 214, the proportional and integral gains are determined as a function of engine speed and W f . 
15 Assuming the engine steady state gain from (EGR, VGT) duty cycles to (MAP,/-) is KdctN.W,), and K g =K dc ° , the pro- 
portional gain is defined as: 



20 



25 



30 



35 



Kp(N,W f ) = 



WCgl 2 {N,W£) 



*p2lKg 21 (N,W f ) 



(17) 



and the integral gain is defined as: 



Ki(N,W f ) = 



0 * J12 Kgia(N f W £ ) 



(18) 



40 



where K gj j represents the (i.j)-the element of the matrix Kg generated from steady-state engine mapping data. 
The gains, /c p12 , /c p21 , k nz , and k m are the same for all operating points, and are tuned on the engine so that given: 

K w "*pi2K fl #W,) 

W^^^I^W,) 

45 

K.,vgt=*i21^2i(N.W ( ) 

the control system exhibits the desired response properties. Accordingly, only four gains have to be tuned on the 
engine. 

so [0043] In step 2 1 6, the gains are used to generate duty cycle commands for the EGR and VGT along with the feed- 
forward values according to the following equations: 



55 



U egr = V egr + K p,egr e r + K l,egr Z r 



(19) 
(20) 



wherein Z r is the integrated value of e r and Z p1 to the integrated value of e^. The integral action will drive the 
steady state value to the desired setpoint. 
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[0044] In step 218, the integrator states are updated, and one cycle of the engine control logic is completed. 
[0045] Figure 3 is a block diagram of an engine control strategy according to the present invention. As shown in Fig- 
ure 3, the engine system 300 provides output signals of the intake manifold pressure (p,) and exhaust manifold pres- 
sure (P2). From these signals the estimator 302 calculates values for W 21 and W c1 from which the EGR flow fraction (r) 
5 is determined according to equation (14). At nodes 304 and 306, error terms are generated for the EGR flow fraction 
and intake manifold pressure, respectively. These error terms and the open loop lookup table values for the EGR and 
VGT positions (V egr , V vgt ) are combined with the proportional and integral feedback gains at 308 and 310, to generate 
the EGR duty cycle (U egr ) and VGT duty cycle (U vgt ), respectively. 

[0046] While the invention has been described in connection with one or more embodiments, it will be understood 
10 that the invention is not limited to those embodiments. For example, rather than estimating W c1 , a MAF sensor could 
measure the compressor mass airflow. Although system costs would not be reduced relative to a conventional sensor 
set, the controller would still provide performance benefits. Specifically, errors in estimating or measuring W c1 can lead 
to errors in the values of the burnt gas fraction (F^ and air-to-fuel ratio (AFR) which can significantly impact smoke and 
NOx emissions. The sensitivity of F 1 and AFR to W c1 estimation or measurement errors resulting from selecting r as a 
15 tracking output, however, is much less than if W c1 is used as the tracking output. 

Claims 

1. A method of controlling the airflow into a compression ignition engine having an exhaust gas recirculation (EGR) 
20 passage (32)including a EGR valve (34) connecting an intake manifold (26) and an exhaust manifold of the engine, 

said EGR valve responsive to an EGR valve (34)control signal for regulating the flow of exhaust gas into said intake 
manifold (26), and a variable geometry turbocharger (VGT) (14) including a compressor (36)connected to a tur- 
bine(38), the compressor (36) being in communication with the intake manifold (26) and the turbine (38) being in 
communication with the exhaust manifold (28), said turbine (38) being responsive to a turbocharger signal for reg- 
25 ulating the intake manifold pressure, the method comprising the steps of: 

determining a desired intake manifold pressure (p 1d ) and desired EGR flow fraction (r d ); 
detecting the intake manifold pressure (Pi); 

generating a first deviation (e p1 ) between the desired and detected intake manifold pressure; 
30 detecting the exhaust manifold pressure (p 2 ), 

estimating the EGR flow fraction (r); 

generating a second deviation (e r ) between the desired and estimated EGR flow fraction; 
determining an open loop EGR valve control value (V egr ) and an open loop turbocharger value (V vgt ) as a func- 
tion of the current engine speed and fuelling rate; 
35 generating proportional and integral feedback gains for the EGR valve (Kp egr , Kj Ggr ) and turbocharger turbine 

(Kp.vgt* Ki.vgt); 

generating said EGR valve control signal (U egT ) as a function of V egr , Kp i0gp K i egr and e r ; 
generating said turbocharger signal (l/ vgt ) as a function of V vgt , Kp vgt , Kj vgt and e p1 ; 
controlling the EGR valve in accordance with U egr to regulate r, and 
40 controlling the turbocharger turbine in accordance with U vgX to regulate p v 

2. A method as claimed in claim 1 , wherein the step of determining a desired intake manifold pressure (p 1d ) and 
desired EGR flow fraction (r d ) includes the step of retrieving p 1d and r* d from a table of values indexed by the 
requested fuelling rate (W f req ) and current engine speed (N). 

45 

3. A method as claimed in claim 1 , wherein the step of estimating the EGR flow fraction (r) further comprises the steps 
of estimating the EGR mass flow rate (W 21 ) and compressor mass flow rate (W c1 ) based on p 1 and p 2 , and calcu- 
lating the EGR flow fraction according to the following equation: 

so ' = W 21 /(W 21+ W C1 ) 

4. A method as claimed in claim 1 , wherein the step of estimating the EGR flow fraction (r) further comprises the steps 
of measuring the compressor flow rate (W c1 ), estimating the EGR mass flow rate (W 21 ) as a function of p-j and p 2 , 
and calculating the EGR flow fraction according to the following equation: 

55 

r = W 21 /(W 21+ W c1 ) 

5. A method as claimed in claim 1 , wherein the step of generating proportional and integral feedback gains for the 
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EGR valve (Kp egp K f egr ) and turbocharger turbine (Kp vgl , Kj vgl ) includes the step of retrieving Kp egr , K i egp Kp vgt , 
and Kj vgt from a table of values indexed by the current fuelling rate (W f ) and engine speed (A/). 

6. A method as claimed in claim 1 , wherein the steps of generating said EGR valve control signal (U egr ) and said tur- 
5 bocharger signal {U vgt ) includes the step of calculating U egT according to the following equation: 

'-'egr = ^ egr + ^ p,egr e r + ^ i.egr^ r 

wherein Z r represents the accumulated error and calculating U vgX according to the following equation: 

w 

^vgt = V vgt + Kp,vgt e p1 + K f vgt Z pr 

wherein Z p1 represents the integrator state [explain]. 

15 7. A compression ignition engine system comprising: 

an exhaust gas recirculation (EGR) passage including a EGR valve connecting an intake manifold and exhaust 
manifold of the engine, said EGR valve responsive to an EGR valve control signal for regulating the fraction of 
exhaust gas flowing into said intake manifold; 

a variable geometry turbocharger (VGT) including a compressor connected to a turbine, the compressor in 
communication with the intake manifold and the turbine in communication with the exhaust manifold, said tur- 
bine responsive to a turbocharger signal for regulating the intake manifold pressure; 
an exhaust manifold pressure sensor located in said exhaust manifold for providing an exhaust manifold pres- 
sure signal; 

an intake manifold pressure sensor located in said intake manifold for providing an intake manifold pressure 
signal; 

an engine control unit including memory and a microprocessor, said engine control adapted to receive as 
inputs said intake and exhaust manifold pressure signals and transmit as outputs the EGR valve control signal 
for regulating the EGR flow fraction and the turbocharger signal for regulating the intake manifold pressure. 

In a compression ignition engine system having an exhaust gas recirculation (EGR) passage including an EGR 
valve connecting an intake manifold and exhaust manifold of the engine, said EGR valve responsive to an EGR 
valve control signal for regulating the flow of exhaust gas into said intake manifold, and a variable geometry turbo- 
charger (VGT) including a compressor connected to a turbine, the compressor in communication with the intake 
manifold and the turbine in communication with the exhaust manifold, said turbine responsive to a turbocharger sig- 
nal for regulating the intake manifold pressure, an engine control unit for regulating the airflow into said engine, said 
engine control unit comprising: 

memory for storing feedback gains and desired engine operating values; and 

a microprocessor for generating said EGR valve control signal and said turbocharger signal, said microproces- 
sor programmed to: 

retrieve from said memory a desired intake manifold pressure value (p 1d ) and a desired EGR flow fraction 
value (r d ); 

receive a first pressure signal (pj) indicative ol the actual intake manifold pressure; 
generate a first deviation value (e p1 ) between the desired and actual intake manifold pressure; 
receive a second pressure signal (p 2 ) indicative of the actual exhaust manifold pressure; 
estimate the EGR flow fraction (r) based on p-j and p 2 ; 

generate a second deviation value (e r ) between the desired and estimated EGR flow fraction; 
retrieve from said memory an open loop EGR valve value (V^) and an open loop turbocharger value (V vgt ) 
so from a table of values indexed as a function of engine speed and fuelling rate; 

calculate proportional and integral feedback gains for the EGR valve (Kp egr . Kj egr ) and turbocharger turbine 

(Kp,vgt- ^i.vgt); 

generate said EGR valve control signal (i7 Ggr ) as a function of V egr , K p egr , K i egr and e r ; 
generate said turbocharger signal (U vgt ) as a function of V vg! , Kp (Vgt , k j(Vgt and e p1 ; 
ss transmit to said EGR valve to regulate r ; and 

transmit l/ vgt to said turbocharger turbine to regulate p v 

9. The engine control unit of claim 8 wherein said microprocessor is programmed to generate said EGR valve control 
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signal (^ Ggr ) and said turbocharger signal (^ vgt ) according to the following equations: 
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^egr^ V eQr + K p lG gre,+ K jGgr Z r 



^vgt = V vgt + Kp,vgt e p1 + K i.vQt^pT 



wherein Z r represents the integrator state of r, and 2 p1 represents the integrator state of p-i 
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